Abstract: Empirical formulae of rotational spectra consisting two parameters, such as single-term energy formula, E = aJ b for spin J , and ab formula, were used to study the different features of superdeformed band in A = 100-150 mass region nuclei. The nuclear kinematic and dynamic moment of inertia for the ground-state rotational bands were calculated for this purpose and both showed gradual rise with rotational frequency. The study of ∆I = 2 staggering effects in the γ -ray energies, where the two sequences J = 4i, 4i + 1 and J = 4i + 2 , (i = 0, 1, . . .) are bifurcated, was also done. We also calculated the variation of the gamma ray energies from a smooth reference using the fourth derivative of the gamma ray energies at a given spin. The excellent agreement between the observed and calculated transition energies are in good support of the two-parameter formula.
Introduction
A superdeformed nucleus is a nucleus that is predicted to occur at specific magic numbers and at deformations corresponding to the integer ratios of the axes about 2:1:1. Generally, the normal deformation of the nucleus is about 1.3:1:1. Superdeformed structures have been found mostly in nuclei of the A = 150 and 240 mass regions, i.e. in the fission isomers low-spin states of elements in the actinide and lanthanide series. Recently, it has also been discovered in other mass regions, such as A = 60, 80, 130, and 190 . In the past few years, much effort has been devoted to study the underlying physics of superdeformed bands and other interesting facts and issues, such as the identical bands [1] , ∆I = 1, 2 staggering [2, 3] and the multipole correlation and exotic structure of nuclei [4] .
A general understanding in the properties of superdeformed nuclei has been attained, but still there are open problems that need to be further studied. In this paper, we used empirical formula of rotational spectra consisting two parameters, i.e. single-term energy formula, E = aJ b , and ab formula, to study the different features of superdeformed band in A = 100-150 mass region.
The moment of inertia is one of the most significant quantities to characterize the nuclear rotational band. There are generally two kinds of moment of inertia ( ℑ) for illustrating the high-spin phenomena, i.e. the dynamic moment of inertia,
and the kinematic moment of inertia,
Usually, ℑ 1 and ℑ 2 are obtained from the intraband γ transition energies by using the following formulae:
where
The expression for the rotational frequency ( ℏω(I) ) of the nuclei is
A number of idealized models are available to study and perceive the idea of nuclear structure that involves axial rotor [5] , axial anharmonic vibrator [6] , and γ -soft deformed nuclei [7, 8] . These models can be utilized for the prediction of B(E2) values and energy sequences. The well-known expression for the ground-state band energy levels for rotational spectra is
The three parametric simplest energy formula for the deformed nuclei is the Bohr-Mottelson energy expansion in terms of the power of J(J + 1) , [9] 
Further, Holmberg and Lipas [10] observed that the moment of inertia of deformed nuclei ascends linearly with level energy, i.e.
ℑ(J)
Substituting Eq. (8) in Eq. (6), they obtained the two-parameter ab formula
The relation between ℑ and E in rotational spectra for high and low spins is nonlinear, as described by Zeng et al. [11] . Rephrasing Eq. 
Using Eqs. (8) and (6), they developed a new expression for the energy called the pq formula:
where p = bJ(J + 1)/2 and q = bJ(J + 1)/3 . Brentano et al. [12] further observed that ℑ depends upon the spin (J) and energy (E) by the relation
By ignoring the energy term bE in Eq. (10) and replacing it in Eq. (5), Brentano et al. derived a new formula containing two parameters called the soft rotor formula (SRF),
Gupta et al. [13, 14] replaced the concept of arithmetic mean of two terms used in the Bohr-Mottelson expression by the geometric mean to introduce a single-term energy formula for ground band level energies of soft rotor and called it power law,
The index b can be determined from the ratio,
for any spin (J).
The paper is mainly divided into two parts. The first part contains a brief introduction of two-and threeparameter formula needed to study the properties of SD bands and also to calculate the transition energies, rotational frequencies ℏω , and kinematic ℑ 1 and dynamic ℑ 2 moment of inertia. In the second part, we shall study other properties for SD bands such as identical bands and ∆I = 1 staggering in A ≈ 100-150 mass region.
Result and discussion
The systematic behaviors of ℑ 1 and ℑ 2 play a very important role in understanding the properties of superdeformed band. Figure 1 shows the variation of moment of inertia ( ℑ 1 and ℑ 2 ) with ℏω for 151 Tb(SD-2) and 151 Dy(SD-2) nuclei. It can be observed that there is decrease in ℑ 1 and ℑ 2 values with the decrease ℏω . 
Identical bands in superdeformed nuclei
Over the past few years, there has been considerable interest in the study of SD rotational bands in consecutive even and odd mass nuclei having almost identical gamma transition energies [1] . More than thirty such SD rotational bands have been discovered in A = 150-190 mass region [16] . Several explanations were put forward assuming the existence of such identical bands to be the specific property of superdeformed states of nuclei.
Casten et al. [17, 18] studied the low-spin identical bands in widely dispersed nuclei 156 Dy-180 Os. There exists a simple correlation between the nuclei showing identical spectra and their valence proton ( N p ) and neutron ( N n ) boson numbers, which further provide the trace to understand the identical band phenomenon.
The occurrence of identical bands in adjacent even-even nuclei demands the symmetry in ±F 0 values of moment of inertia in the F-spin multiplet besides identical N p N n in the two bands. There are many examples of identical bands that differ by two mass units and exist in pairs in the A ≈ 190 mass region with the assumption of 192 Hg as a doubly magic core. Generally, the degree of similarity can be seen when the difference between transition energies ∆E γ for the identical pair of SD bands and the transition energy E γ is plotted [19] . It happens due to the alignment of angular momentum of a pair of nucleons that occupy high intrudes orbital and form the gradual disappearance of pairing correlations with increasing ℏω . having N p N = 5, 4 for N B = 9 . There is no violation of the symmetry in the spectra of these two SD band nuclei and the figure shows the staggering pattern.
Study of ∆I = 2 staggering
Another interesting feature of SD nuclear bands is the ∆I = 2 staggering sequences of states which differ by four units of angular momentum and are delocated with respect to each other. Many theoretical proposals were put forward for the possible clarification of the ∆I = 4 bifurcation [20] [21] [22] . The variation of the γ -ray transition energies from the rigid rotor behavior can be calculated by the staggering quantity [23]
The formula involves five consecutive transition energies E γ and hence called five-point formula.
We evaluated the staggering quantity ∆ 4 E γ and plotted it as a function of rotational frequency ℏω in Figure 5 number increases the staggering also increases. Next result that we are going to discuss is the occurrence of ∆I =2 staggering effect in the γ -ray transition energies of 152 Dy(SD-1), 151 Dy(SD-4), 153 Dy(SD-2)(SD-3), and
151 Tb(SD-2) (see Figure 6 ). In this case, the staggering values lie between −0.6 and 0.6. while 144 Eu(SD-2) shows low amplitude of staggering index at low value of ℏω . However, when ℏω increases, the amplitude of staggering index also increases. Figure 8 shows the large amplitude of staggering index for Similarly, Figure 9 shows the variation of staggering index with ℏω for 149 Gd(SD-1), 149 Gd(SD-2),
149 Gd(SD-3), 149 Gd(SD-4), 149 Gd(SD-5), and 149 Gd(SD-6). The superdeformed bands 149 Gd(SD-1) and 149 Gd(SD-2) have small amplitude of staggering that increases with the increase in ℏω . For 149 Gd(SD-3) and 149 Gd(SD-4), the amplitude of staggering is large at initial stage and decreases with the increase in ℏω .
Comparison between the predictions of the applied model and the corresponding experimental result is given in Table. The calculated values of ab formula and power law for 192 Hg(SD-1) and 194 Hg(SD-1)(SD-2)
nuclei are compared with their experimental values and are in good accordance with experimental values. In maximum cases, the deviation from the experimental values is lesser than 10%.
Conclusion
The above analysis is conducted to understand the implication of identical bands. It seems to be necessary that two truly identical bands must have the same band head moments of inertia. Transition energies of many superdeformed bands were calculated and the nuclear staggering effects within the transitions energies of some superdeformed nuclei were analyzed. The systematic behavior suggests that the band moment of inertia turns out nearly similar for two signature partner bands but the same could not be said for identical SD bands. 
